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© Electrostimulation of microbial reactions. 

(57) A method of fermenting, a substrate with a microoronn- 
fem by forming o broth oomprvmng tho aubatrotc end the 

microorganism, and forming a fermentation product (here- 
from characterised in that a fermentation stimulating electri- 
oal signal ia imposed oeroao the broth. 
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PESCI^ITJION 

jagognowimiLijiog of M Tr.p 0BI/lL mm>TnwnB - ' 

Hicrobe reactions, i.e., Mentation, are the 

to ^ OB Ti !™ i0n ° f a i.e., a substrate, 

to a metabolxte, I.e., a product, by the actions of 

mR ^ eS - Mica?obo tactions are characterized V the 
growth of the micro-be, and the subsequent formation of 
a metabolite product. That is, substrate is used 
onxtially for the growth and maintenance of the microbes 
and subsequently for both the growth and maintenance of " 

fol^r "? ^ formati - <* Product. Product 
formation xs related to the concentration Of substrate - 
the concentration or jdBWrt>Mf TO ^ coefficients 
of proonct and microbes with reepoct to the substrate 
Moreover the concentration of .microbe* is* function^ 
15 the specific growth rate of the microbe*, and the yield 
coefficient of the micr.be, with respect to the LCtrL. 

Teimentataon reactions are t^r.ui^^ „i 
mur,*- i„ j.^ ^7P2-cuiiy slow reactions. 

«»* is, tbey retire 1<in g Msiaence tlM Da - 

ratxo* or reaction ndim, vol**. p „ ^ vollae ^ 

20 lotion p « »i t tlae . J^^o.hav.al.o^Ltia- • 

^ ~ tie " •cno-to.MOB. <tt ,S 

metabolite product. 

_ "f" 6 ™'' the involving miorooial snoHtn 

«* *LT«xon, are ncaple*. Sor BXM „ ae , KhMl thf , 

and cent.,* of oeU cotl6tituectS) Md 

xdentxca Salter oell.. ^ w of COIitra i yeast * *™ 

ouo-o^g. mat is, a tad «m ^ on ^ ^^J*,^ 
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until it matches the sise of the original cell, and .then 
separate,, leaving a bud scar. Jtogi grow by chain 
enlongation and branching, i.e., with £rowlh proceeding 
from the tip of the nycelium through the formation of 
5 septa between individual cells. Cell division may 

require anywhere from 1J? minutes to* en hour for bacterial 
growth, from minutes to 2 hours for yeast growth, and 
from cne to Right hours for fungri. ot mycelial growth. 

» 

The specific path of product synthesis, i.e., the 

10 reaction parti .rnr the formation of the metabolite 

product from "the bubetratc or nutrient ic not clearly 
understood for "every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilization, and metabolic 

15 controls'. . 

It' has now been found that the reaction rate of 
fermentation reaction*, that is, the yield per unit time, 
unit volume, unit nutrient or substrate concentration, 
and unit microbe concentration is enhanced by the 

20 application of an alternating or pulsed high frequency 
electric field to th« reaction medium of microbes, 
substrate, and nutrients. 

As used herein, the terms "f ermentation" , 

' "f ermentation reactions 11 , and "reaotione utilising 

25 fermentation techniques" include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
• . inorganic substrate, and suay process mediated by or 

involving microbes or microorganisms in which a product 

30 accrues „ 

As used herein, the terms "microbes", "microbe", 
microorganisms n , and "micro-organism" include proJcaryotea 
and eukaryotes.- "I^rokaryotes" , as used herein, means 
uni cellular microorganisms, including bacteria and 

35 unicellular blue-green algae. "Eukaryotes 11 , as used 
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ierein, means multi-eel.*) ular microorganisma, including 
Xungi, yp.asts said actinomyoetcs. . As used herein, the 
terms* "microbes % "microbe n "microorganism*" and "micro- 
organism 11 include immobiliaed 'microbes and systems "and 
5 structures of lomubiliaed microbes as well as zion- 

immobilized microbes, A3 used herein, Lhe terms "microbes ", 
"microbe", "microorganisms 11 , and "microorganism" include 
both naturally occurring stra ins *md artificial 
recombinant * strains • 

10 Fermentation reactiono, i^e., fungus, yeast, • actin- 

omyccte3, r and* bacterial ferment at lot) reactions are 
Utilized industrially* Fermentation reactions ure capable 
: of wider industrial 1 use? based upon raw material avail- 
ability and costs, by^producfr usage, and increased 

i£ reaction rates « 

Accordiog to -the invention described herein, any 
-or all of • the reaction rate, the innoculum "build up, or 
efficiency of conversion, are increased by electrical 
stimulation. Electrical stimulation. nay be utilized, to 

20 ■' reduot* the time .required to carry out the' reaction or to 
increase the productivity of a given, unit oX production, 
that is to increase the number ox" catches that can be 
.fermented in a given' reaction' vcoael a 

!§y electrical a limulation is meant the application 

25- of a pulsed or alternating high frequency electric 

signal field "across the broth whereby to pass an electrical 
* current through the nroth, e.g., by inserting electrodes 

- . in the broth, under conditions vhich increase the rate 
of the microbial reaction, • while substantially avoiding 

30 significant destruction of the micro-organisms , e.g., 

fungi, bacteria, yeasts or actinomycetes, the reactants, 
e.g., the substrate, or the products. 

It has been found that a frequency of from about 1 
kilohertz to about 1000 kilohertz is particularly 

35 satisfactory in carrying out the method ox this invention. 
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USie elfcccrical stimulation electrical current 
may. be an alternating current or pulsed direct current. 
It should have a frequency of from- about 1 kiloheiftz 
tu about 1000 kiluhei*fc* t allhuuKh fx^tiueiicies- below . 
5 about 10 megahertz, may be used* as veil as jfrequeaci.es 
above about 0»1 kiloherts with sozdc . increases in yield, 
Howr.ver, care should be talcen e-g, by using a frequency 
# • above about 0,1 kiloherts, to avoid large . "amounts of 
electrolysis occurring within the reaction Tnadiirm at 

10 low frequencies, - 

The method of this .invention may advantageously be 
carried out at various ranges of the cleotrolyfcic 
variables, i.e.i electrode area, inter-electrode spacing, 
inter-elcctrodc volume , current, current density 1 

15 current per unit liter-electrode volume, current per 
unit broth volume, vpltage, voltage ,per unit inter- 
electrode spacing, power pe-c unit ihter-eleotrdde volume* 
power per unit broth volume, and. frequency.- 

for example, the method of this invention has b&en 

20 " carried out utilizing Saccharomyftes cervlsiaa to ferment 
glucose at currents per unit interelectxo*ie. volume of 
from ahout 1 x 10~? Tailliamperes per cubic centimeter 
to about 50 x 10~'. millismpcres per cubio centimeter of 
inter-electrode volume, at curreiits per unit broth 

25 volume of from about 1 x 10""* milliainperes per cubic- 
centimeter to. about 50 x 10"* laill i amperes' per cubio 
centimeter of broth, current densities of about 2 x 10""^ 
milliamperes pex» :»quax*e* c^ntiiueter to .5' x 10 milli- 
amperes per square cexebimeter of -electrode wea, voltage 

59 fluxes of 0.1 to 3 millivolts per .centimeter of inter-? 

electrode space, .inter elect rode powe* dissipations of 0»2 
.x 10"^ watts per cubic centimeter -to 6 ac 1Q~? watte per 
cubic centimeter of interelectrode volume and broth- 
power dissipations bf 0»2. x 10"® watte per cubic ccnti- 

55. meter or broth volume to 8 x ID" 8 watts . per cubic 

» * ' * 
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centimeter of troth volume. Electrolytic variables, i.e. 
currents, voltages, and power dissipations, and products' 
and quotients thereof, outside the above ranges may be 
utilized as long as care is taken, by avoiding sfcoultan-' 
eous astomer of the ranges, to avoid destruction of the 
'microbes; 

According to one exemplification or the method 
herein contemplated, a reaction medium of a hexose, 
e.g., glucose, other nutrients, and a yeast, Saocbaromvcea 
cerevisiae is- provided. A pair of electrodes arc spaced 
about 4. to about ? centimeters from each other within 
the broth, and an electrical current at a current density 
t»f about .0.1 to about O.J milliamperes per square 
centime-Lex- of electrode area is passed through the 
15 reaction medium at a frequency of about 100 kilohertz to 
• ^ about 1000 fciloherta. la this way, the yield of product 
per ixnit of substrate per unit time is increased -by 
about 15 to about 20 percent compound with the result 
without electrical stimulation. 
20 Aooording to an alternative exemplification of the 

method of this invention, a reaction broth of a 
bacterium -cuoh as Sacillus ..golgagta or Bacillus licheni- 
formis , and glucose are preparon. (Dhe fermentation 
reaction is then carried out while an alternating current 
25- having a frequency or about 1 fcLlohertz to' about 1000 

fcLlnhertz, an imposed voltage signal sufficient to provide 
- . a current of 1 x 10~ 5 milliamperes per cubic centimeters 
of interelectrode volume and 10" 1 to 5 milliampers per 
liter of oelution is imposed across the broth. 1'he 
50 resulting production rate of butane diol ia increased 
by about 20 percent compared with the result without 
electrical stimulation. 

Ihc method of electrostimulated fermentation herein 
described is useful with single cell blue-green algae, 
55" bacteria, yeasts, and actinomveetes. Suitable yeasts 
are for example, belter's yeast end brewer's yeaet 7 i.e. 
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single cell yeast of the SaccharoTgycoS dicae group, as 
exemplified by Saccharoagyces * cerevisiae*, " 

The method of clcctro3tinxula-ced fermentation is 
useful with various feedstocks. Exemplary *are vari.o\is 
5 carbohydrate substrates • $y carbohydrates we mean for 
example polyhydioxy aUeefcydes , polyuydroxy ketones, and 
substances that yield polyhydroxy aldehydes or poly- 
• hydroxy kelbhes .upon hydrolysis lor saccharification- 
Exemplary carbohydrates, are sugars, I.e. '.aaccharidee, 

10 The saccharides useful in. the method of this . Invention 
may he monosaccharides, . i»e. * c&rVohydratee incapable of 
further h^drol^sis,, ox- polyaacoharid.es , i.e* carbohydrates 
that yield monosaccharides upon hydrolysis err cacchar-r 
ificatiou:. Haburally oucux-riiis sicchsirideB useful 33 

l£ substrates in the methods of this invention include 
heptoses* hexoses, pentoses, tetroses, trioae^ homo- 
polysacchaTrffiftS thereof, firtri heteropolyssrceharides thereof. 
Exemplary hexosfcs '.include glucose, fructose, mamiose, 
galactose, and the fructose-glucose. diesacharida, «ucro«e. 

20 Exemplary pentoses include, sxrabinosc ariose , ribose, and 
apiose. Exemplaiy polysaccharides .include sucrose, 
mentioned above, maltose, lactone, /raff inoec, starch, 
glyuoKen, cellulose, pectins, chit In, inulin, agar, 
hemic ellulo sea, plant gums and mucilages r • and immuno- 

25 polysaccharides, carbohydrate ' we- also mean sugar 

alcohols, e.g. sorbitol, mfrnriitol, glactitol, op. the 
inositols. Industrial sources of carbohydrate include, 
by way of exemplification manure, cellulosic wastes, ' 
molasses, whey, -sugar, grain, starohec, end byproduct 

30. carbohydrates. .Suitable grain starches - include by -way 
of exemplification corn, com stover, \?heat, barley, 
straw, and bagasse. 

Amino acids m^y be utilised sls* eubst rates for 
f eriuenlaLiuii t.yu« reactions* They pitiy..be recovered as 
_ 35 products of fermentation type reactions, or they may be 
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intermediates, produced in one f ermeatatien type 
reaction as a substrate Tor a subsequent fermentation type 
reaction. Exemplary alpha-amino acids- include glycine " 
alanine, valine, leucine, isoleucine, serine, threonine, 
5 cysteine, cystine, methionine, phenylalanine, tyrosine, 
prolix, tryptophan, lysine, ar E .iiiine, histidine, • aopartic 
acid, and slutamic acid. The above enumeration is 
/ intended to be exemplary . and not exclusionary. 

Other substrates which may he utilised are, for 
10 example, hydrocarbono, e . s .> aliphatic hydrocarbons , 

oarbooyclic hydrocarbons, and heterocyclic hydrocarbons. 
As nsed herein, hydrocarbons inclnde. substituted hydro-" 
carbons, e.g. hal OK enated hydrocarhona, and hydrocarbons 
• having one or more functional groups, e.g. alcohol, 
15 ketone, aldehyde, acid, ether, amine, amidine. K-alkyl 
amide, ff,IT-diaJ lcyi amide, imidic ester; imidej aldianine 
ketiminc, thiol, thio ebher, disulfide, thio acid, 
dithioacid, thio aldehyde, thio ketone, sulfonium, 
sulfoxide, sulfinic acid, sulfone, sulfonic acid, phoa- 
20 phite, phosphincphosphonate, phosphate, orthocarbonate, 
m carbonate, chlorof oxmate, carbamate, carbamide Concluding 
urea), IT-alkylurea , o-aUcylurea, cyanate, isocyanaUe, 
carbodiimide, xanthate, thiocarbamate , thiocyanate, 
ioothiocyanate, diaaoate, or diazocyamide groupo. 'in 
25 .many cases the substrate is a dilute pollutant; and is ' 
degraded or .metabolized to a non-polluting product. ' 

The method of electr'ostinnilated fermentation may 
be utilized with hoth aerobic and anaerobic fermentations. 
Electrosti tmlated fermentation is useful in the 
50 industrial scale production 'or any prortuct that can he 
produced by fermentation techniques, as described 
hereinabove. (Phecc products include the following, which 
enumeration is exeinplary and not exclusionary: anti- 
hioties; organic solvents, for example, alcohols , e.g., 
35 butanol,.«Lhanol, ano amyl alcohols, ketones e.g. acetone; 
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gasee, e«g* carbon dioxide and hydrogen* beverages, e.g. 
wines, beers and liopora; foods, e.g, cheeses, fermented 
milks, pickles, sauerkraut, soy seuce, yeast, vinegar, and 
raushrooros; flavoring agents e.g. ' monoso&ium glutamatej 
5 organic acids and hydroxy acids e.g. lactio acid* acetic 
acid, citric acid, gluconic acid, butyric acid, fumaric 
acid, and itaconic acidj glycerol; 'amino acids, e*g. 
Ir- glutamic acid and L-lysine; steroids; organic trans- 
formations 5 including steroid, alkaloid, and antibiotic 

10 trans! onaations ; yeasts, including Xood yeasts and 

animal feed yeasts, legume innoculantsj peetioides, eg, 
microbial and bacterial pesticides; -vitamins and growth 
stimulants, e # g. vitamin 3 12 vitamin A, riboflavin and 
gibberalJcines ; enzymes including amylases, proteolytic 

15 enzymes, pectinasee, invernases, . and cellulaees, inter 
alia; fats; fatty acids; alcuhuls; fuels; aud Itfdxo- 
carbons* 

Ike electrostimulation method herein contemplated* 
may also be used for the control or destruction of 

20 • deleterious substances, e.g., pollutants, and aqaeuus 
dispersions, ^aspeusiona and solutions of hydrocarbons 
or halocarbons, including polymers thereof. 

While tlie electrostinulate fermentation method 
described herein above ie useful with various microbes 

25 in various fermentation reactions, the method of this 

invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to yield n-butyl 
alcohol, ethyl alcohol, and acetone*; •JtHp. production of 

■ * ethyl alcohol by the uee of Phiz opus formoe a ens i s, 

50 gaccharomycea cervisae , Saccharomyces uvarium , 07* 

Aopcrgillus foetiduo y the production of acotio aoid 
utilizing Acctobactel alcoholophllus Lactobacillus 
plentarom , or Polyporue palustria ; the production of 
acetone utilizing Clostridiums : the production of butanol 

35 utilizing Cloatridiuaa ; the production of glycerol 
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utilising Bacillus lioheniJornm* QT Sgccharogygeg ^ ,^4. 
the production or acetic acid uoing A oetobaoLei Mrt^ 
xaHiJ£5 the production of wines using Saccharoses 
chevalier! , Saccharoses ocrrriaiae, Saccharoses* ™m 

> Saooharo^ oes,^^:, Saccharomyc eR vini.. iiig^ 

gogentiBn , Saccharcmyoco aoeti, or S a ccWc es '^H g ^. 
the production of edible proteins utilising C.haotomium ' 
. oellalollytilum, Geoti»iouin cand idum. Candida utilis 

GollulBoaaa or Alcaligenea fp^n,. r ^„ rf j |M ^ 

° aathrognit»oneg utilising Chryaos^or i um nerdarinm . 

Hglminthaporiuai c.vnadonHz1« , or Penicillium. islandic^ . 
the production of antibiotioo utilizing B jZS ^ochlas 2 s ' 

gugaxium equiaelo, (SLloclad-hm. Aspergjllue aotj 

Ag ^rpillus sulphureus , ^^2A^^oy_±Z, P^nicillS" 

15 ffiartenai , Pencil iumj^alil^, Penicillin ~ 

•Aspe rgillus nidu^s , P.nacillj^ , gT^j^ 

g SSSaS i a cromoniuB rt rietgn, Oenhale^orinm .to, BMm : 
Sgrratxa x-sbldaea, Street oarec ^ Wdul aa . fi^^^-gT 

. BlwillffoM , Streptorqyoee JLijcgtanii , Aoiagtrfbactwrn «,7 

20 aceticus , Bacillus ceres, J&eiuns lichenif oxmia . 
.Bacillus suhtilis; the production of " Ir-ar K inine by 
Bacillus subtllis , Breribacterfum q^^^ 
£l£&SSi£HLi or Protamine baoto^ *m w ^ ::i± - 0j ^ ^ 
production of ascorbic acid by escherloM a « the production 
25 • *i«tta by Oorynabac.terium jgigorioxydong , or Psuedo- 

manus amtablic; the production of butanediols 

. Bacilli lighgaifor^s, Bacillus poly ^, or Klebsiella 
ESgggBto the production of butyric acid using Tjuty, 
rivxbrio fibrisolver,*- the production of caprylic"Tcid 
5,0 .o^^^,. 1TT11| the production or • 

cax-boMylic acid utilizing fiacchronnrcoTisis liTinl.ytica , Q p 
5BS£Slqmyee« gdorus, the production of formic acid using 
S2ZE2S» .Salustris. the production of fructose utilising 
Bacillus mg^ tarium, Fseudcnanug borpepolii, or ^udomo^ 
35 nuoroscens ; the production of gluconic acrid usi^g" 
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Aspergp.rlufi cai?bonariu3 » or ' PenioilluiR chrys o ftenum ; the. 
production' of glucose utilizing. Trichoderma longjbrach- 
ia.1m.rc \ the production of p-hydroxy hsnsaldshyde using 
G accharomyce* gatic: the production of sir^l* cell 
5 proteins utilizing AjthrcTbacter petyolcophajgus T 

Arthrobacter rub e Una , Artliro'ba'ulCT . . AsperFrilJizg fumlg- 
atu£* CJe I J u 1 r>xnona.s cart elyticum , Corynehact erium fuji- 
. • okcmae , JQiayuromyces fr agilis mox-ehella craseipe . Wyr.o- 
hacterivun curraatum' , ^coobaeteriufti petrolcophilxan. . or 
10 Noonrdia neoopaca , and the production of xanthan gum 
using* e.g., XanthaTnonas c.ampestris . The method of 
electrostimulated fermentation nie^y he used "in ttie 
fermentation of substrates, to obtain. ^tamias, anti- 
biotios | " and enaymes • • . 

15 Electro stimulated fermentation also finds utility 

in microbial cellulose digest ion 3 e»g M with Po lyaiiKium 
cellulosuia ; cleaning: metallic surfaces,, e^g. f with. 
TOiiob*.cillus f errooxidans. qr ghiobaoilli ia thiooxid&rus - 
degradation of cellulose; d-egradation of r-yanides in 
20 waste water, e.g, , with Bacillus siibtiiio . Ooxyncbaot e riuau 
or ^cgjdj^_rubr op ert inct a ; • . degradation, of -ethylene 
glycol with unidentified "bacterium, ATCC 270/1.2; degradation 
" of chlorinated phenol fungicides ; -degx-ctdeitibn of systemic 

fungicides, e»g«,'witli Shi z opus .lapnniciis : degradation 
25 of hydrooarbono, e.g.-,, witli-Agpergi llus Versicolor . . 
Brettanomyces petrophilum «- Candida" petrophilom, -Qjadida 
tropicalis , Claclosporiua resinae , Cunnin ghameila 
elegans, Eupenicillium zonatum- , Saccharoiaycapnris lipnlp- 
tica, or ttorolopsig pgtrophilunx s degradation of oet fuel, 
30 e.g. , with Acr e moninm . st rie L cm . Alternarja- alternata . 
Aspergillus faTniga.tas T or CladoSTJoriom resinae ; ' 
degradation of methanol, e.g., with Haiisenula' pol^morpha : 
degradation or nitrnp-s in* waste water, with 
Alcaligeneg vi golacpis ? Nocardi a ru bruglincta ,. or 
55 Ba cillus subtilis ; riftgradfrtion of petroleum* e«.g. with 
Aspergil lus aureohaoid'iugu Candida pg jrapsiiqsis , ' Cfcuidida 
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tropicalis , Candida utilis, Cjgdosp orium cladosnorH^,,^ 
jflZgotheoium verracaria, ffocardia eo ra ni nfl | Kfecardia 
fi lyberala , Noca^dja opain. ITooa rdia paraffinae . Kooaroia " 
£uhra, r^ieilli-um, Prototbeca. Ehodotorola . Saccharo- 
5 gyoes caTnrisiae, or Sao char omycop sis lipolytics " the 
degradation of phenol, e.g., with Gl 0 e O p 0rvia dic hrm,*. 
° r Jfrodn-fcoralR glntinis; the degradation of wood.'; 
_ phosphate removal in 3eW age treatment, e . s , with 
Chrysospor-Kxin pannorum. Gcotri^hu m candidum . Mucar 
10 hiemalig , and laeoiloinyoes ca™^ water pollution 
control, e.g., with Eb^dotorula Kl utinis and Tj-icho- 
theoinn roseum; ' and the prod.uctd.on of destrane by the 
fermentation or sucrose, e.g., „ith I^ucono stoo mesegfc- 
S * 0 !** * ^ d Sgtacocc us arablno Barens - and the production 
15 of i4annmopolysaccharid.es. 

Ihe following examples are illustratiVR • 

EgATUjUjE I 

Blentrostimulated and conventional fermentations 
were carried out in a hatch reactor. 
20 Che reaction broth wae prepared by placing 1500 

• milliliters of distilled water in a sterilized 3 liter- 
beaker. Carbohydrates., water and nutrients were added 
to the beakor in the following Quantities* 
Glucose 220 grams 

25 * aC1 • 3graas 

(HH^SO^. 6 grams 

. K^HPO^ . 2.4 grains 

' 0.4 grams 
'Dibtilled Water to make 2 lifsro 
30 Vharesfter, a 200 milliliter portion or the glucose 

solution was placed in a sterilized container and 14 
grama of Eleiechmann'e Baker's .Yeast, Sac char omvees 
oerevi^ae, wae added thereto and stirred to form a slurry 
The yea S t- 6 lucose slurry was divided, into two eg.u&l 
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portions of 100 millilitcro cacti and pub" into* tvo 'i Liter 
sterilized resin kettles.- To each or the divided yeast- 
glucose slurries wex*e added 2„1 £raias of cox-u meal % and 
700 milliliters of the glucose solution. . 
5 The outlete of "both, reactors v;ere connected to 

wet test meters to measure the gas produced / One reactor 
was run without electribal stimulation. * 

The other reactor had an electrode pair oT two 
4 square inch stainless steel eleotrodco, 4* centimeters 
10 aparl'* A siftu al Ronerator w*ts utilised to. generate a 

300 kilohertz, sins wave, voltage signal; • A- 50 inilivolt 
siwial caused a current of 1.5 ini Hi amperes to flow* 

Eight simultaneous,, side-by-side runs were made, 
with one reactor having t*lecUricai. slinula.lion and the 

m 

15 other reactor "being unstimulated. 

The results shoiiai in Table I, below, were obtained.; 

TABIiE I • 

CO?TFARISON OF S!TIMDIift.EED- PEEMENHiaailCffl' VJTK 



20 


Length 
or icon 


Ouj?i>ent 
'Onilli- 


• Moles of m ■ Moles of 
Etliauuol- Efehanol— 
Stimulated • Unstixmlated 
{.eel onro- . tgwj r.hro- 
mat 0 graphic 1 •• matoga-aphicO 


,25 


26.5 . 




. O.A76 " 0.456 . 




19 • 


1.25 ' 


.'" 0.506 / 6.475 ' 




22 


1-5 


. :o.561 0.469 


* 


47.? 




0*967- O.930 




23-4 


2-25' 


O.ROO O-855 


30 


27 




0.420 . • 0.390 




43.4 


• 1-5 -6.1 


. 1-14 1.16 : 




25.5 


2.25-6.5 • 


0.713 ' ' O.707 • 



SAMPLE IT ; 

Electrosfcianxlated fermentation was carried out in 
55 t^tcU react ox* Uo deUexnaine the effect of current and 
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The reaction "broth was prepared by placing one 
liter of distilled water in a sterilieed beaker. 
Carbohydratoe, water and nutrients were added to the 
beaker in tne To 11 owing quantities: 
5 SucraDc 100 grams/liter* 

H * 01 • 1-5 grams/liter 

(KH 4 ) 2 S0 4 5^1 grams/liter • 

KgBPO^ 1.2 grams/liter 

XH 2 K) 4 0.2 grams/liter 

Distilled water ' 

1.2 liters cf the solution were placed in a 1-5 liter 
resin kettle. 

Thereafter, 7-0 grams of Fleischmann's dried Baker'a 
Teast, saecharomyces oerevioiae, was poured on top of the 
15 reaction broth. The reactor was then closed, with gas 

venting through a water eoal bubbler. The mixture -was * 
allowed to stand for 18 hours. 

•thereafter, at 24 hour intervals, the slurry was 
removed from the reaclur by aspiration and filtereri to 
20 recover the yeast nake. Ehe yeast cake was added to 1.0 

• liter of fresb reaction brolh and returned to the kettle 
which was sealed wi.tb a .eas vent to a burette of 1 percent 
aulfurio aoid and starred for 5 minutes. 

After two hours, fnwr gas volume readings were token 
S-5 at one half hour intervals, and used to calculate a 
. base gas evolution rate, So. Thereafter, electrical 

stimulation was commenced. Pour' -gas volume readings wer e 
taken at half hour intervals beginning one hour after 

• electrical stimulation, and ueed to calculate a test gaa ■ 
50 evolution rate, Ej. ■ 5or the f ennentation with electro- 
stimulation, K T is the gas evolution rate. Po* the 
fermentation without electrostimulation, is the gas 
evolution rate measured simultaneously with and calculated 
in the same way as the gas evolution rate ror electro- 
stimulation. • After three hours of electrical stimulation 



55 
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the current was turned off for- 19 hours , and then 
reaction slurry reaeved as descxdhed above. 

Kanh electrode was a nickel wire, 0.63 millimeters 
diameter, spiraled twice around a four inch (10 cm) long, 
5 5 millimeter diametRT glass rod. The electrodes were 
opaocd 6.5 to 7*0 centimeters apart. Voltage was 
provided by a uynascan 3010 function generator. 

The effect of applied electriual field was as shown 
in Tahle IT belnw: 

10 TABSE II 

EFFECT OP APPLIED CUKEEKT (AT 100 KEL0HEEIZ) 
— , OH «AS KVOUFPmW • ' 

dW"Eo)with 

P 3 ????* CV 20 ) (V Ko ^ /""current 

15 • Onllli- (without (with Ci^/Ho) with out; 

amp or cc) curre nt J enrrgnt) current 

0.15 1-05 1.15 1.10 

0.15 . 0.92 1.02 l.u 

1.5 • l-oi 1.15 l.as? 

20 1.5 . 0.98* 1.17 1.19 

.. The effect of frequency wo3 as shown in Tahle III 
"below: 

TttBTiE III 

EEEECT OP PPEQUEUCY (AT 0.15 MILLIAMIEEES) 
^> -' " : • PIT GAS EVOLOTIOIf ■ 

(Ejp/Eo) - . (Ej/ao) (iyRo) with 

frequency (without (with -, . ^ our:rc g* 

Usilohearpz ) cuxx-enL ") current) • ^• H a/- K °J wTnTTout 

current 

30 10 0.83 0.92 llll 

100 1.05 1.15 1.10 • 

100 0.92 1.02 1.11 

EXAMPLK TTT. 

Fermentation oX glucose with s.cervisiae was car™ ed 
55 out with end without electrical stimulation. 
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35 



40 



15. 



A "broth was prepared containing 220 grama of 
gluoooe, 7.5 grams uf S.cerevisae , .10 grams of HR 01 
22 grams or Ra 2 HK> c x ? HgO, 12 grams of KHgPO., ' 
1 gram of MgSO^, and 0.04 grams of CaCl-, and dictilled 
water tn make two lit ere. ' 

The broth was divided into two portions and placed 
. in Sterili««d resin kettlec, 'Both kettle were stirred 
continuously with a magnetic stirrer. One kettle, ■ 
intended for el fic trostimulation, had an electrode pal-r, 
eaoh electrode was a 0.63 millimeter diameter- nickel 
wire spiral ed twice around a four inch (10 cm)long, 5 
millimeter diameter, glass rod.- »±'he electrodes were 
spaced 6-5 to y.O millimeters apart. ' 

She fermentation was carried, out at 30 degrees ■ 
Cenligrade for 23.5 hours.' A signal generator was 
utilized to generate a 300 fcLloherba. 50 millivolt, sine 
wave signal.' The results shown "below were obtained: 

S.QBHVTBI AB FERMENTATION 
. ■ ' ' OP GLUCOSE 

t 

' " WITHOUT 
'". • - . ELECTRICAL 

STIMULATION 
EKEQTJERCX . " . 

CURRENT • * • 

INITIAL TEAST (GHAMB/ 

LITER) 3.4 
EINAL YEAST (GRAMS/ 

LITER) -8.8 
INITIAL GLUCOSE (GRAMS/ 

LITER ) " . 108-9 
ETNAT, GLUCOSE . (GRAMS/ 

• LITER) 

TNITIAL ALCOHOL (GRAMS/LITER } 0.7 

RINAL ALCOHOL ( GRAMS/LITER) 45,0 



WITH 

ELEOTRIOAL 
STimJIATiOTr 

300 kiloherta 

1-5 williamperes 



GRAMS OR YEAST/GRAMS OP 

GLUCOSK-ROUR 2.18 x lO~ 5 
GRAMS OP ALCOnOL/GRAMS 

OR GLUCOSE-HOUR ' I.7I x .10~ 2 



3-5 
9-3 • 
IO6.3 

<0.20 
.. 0.8 
54.4 



^3 



GRAMS OP ALCOHOL/GRAMO 
. 03 1 "YEAS'l.' C^INAL) 



4.87 



2. 8 J X 10" 
2.18 X 10*" 2 
5.72 
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CKT.T, COUNT OP 200 SQUARES (tbxee pipette semrples per 
kettle) • 

SAMPLE 1 660 86? 

SAMPLE 2 739 89;> 

5 . SAMPLE 3 632 804 
MEAN . 677 

"RANGE 107 01 

STANDARD DEVIATION 63 53 

PEHCJErJ'l' HET-flTIVE 

10 STANDARD DEVIATION 9.3 6.2 

"niPPEBENCE IN MEANS 178 



__ 2& ^ KEIATIVE 



' (at 1 standard deviation 
15 (61 is the stranded * level) 

' deviation end n^ is the 

number of replications) . . 

. • • * 

The student's "t" test was applied Lo the cell J 
counts. A Qt or 3-79 with a probability of 0.02 was . j 

20 obtained. Ihat io, the probability* that random errors ' 
would result in Ihe 265$ relative difference observed 
was less than 2 perocnt, 

A series of teste were conducted to ownpore 
25 electrostiiiiulaled fermentation "with conventional 

"i'eTTjnRTitation. For each, test a simple nutrient solution 
was prepared- A portion of the nutrient solution was 
. withdrawn to tna3re a yeast solution. The remainder of 
the nutrient solution was* divided into two equal 
30 portions dnd placed into two identical laboratory 
ferment ere. Both fermentere had on electrode p air . 
Fleiechinajin't: Baker's Yeast, Saccharomydes cervisiae ,, was 
slurried in the remainder of the oingle nutrient 
solution. The nutrient solution* containing the yeast, 
35 was divided in half. Each half was placed into, one of 

the two identical laboratory ferment ers. A voltage i 
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signal was applied across one solution only o£ the pair. 
Solution samples were oimultjsneously taken from "both 
oolutious of the pair. Differences between the two 
fermentations of a pair were attributed to electro- 

5 otimulation, while differences between ecto of pairs of 
fermentations wero attributed to conditions of the 
nutrient and innoculum solutions prior to commencing; 

. the tests. 

Por each fermentation a resin kettle f ermenter was 
10 usPd. Ihe resin kettle xermenter had an inside diameter 
. - of 10 centimeters, a depth" or i>" centimetere, and was 

sealed on top. Each rccin kettle f ermenter had a sample 
probe, a pH probe, a mechanical stirrer, a sodium hydroxide 
inlet t a gas outlet, and on electrode pair. The 
1.5 electrodes were a pair of two inch C5 cm) *y two inch 

(5 cm) stainless steel plate electrodeo opaced two inches 
(5 em) apart, 

A glucose solArtion was prepared by adding in order- 
Glucose - 3,0 220 grams. 

20 ^Cl 10 

Xs^EFO^ 7B^0 22 grams 

. ■ EH ? P0 4. 12 Ki'tua 

"S 30 ^ , 1 gram 

- " CaOlg . o.04 gram 

25 ^2° • " to make 2 liLers 

•Uhe gluoooe solution was boiled, and the pii was 
. adjusted to pS— 5 with H^K)^. 

A yeast slurry wac prepared by withdrawing 200 
milliliters of the glucose solution, «nd stirring 3.6 
JO grams r>f J?j.eischmanni s Baker's Xcast Sa ccharomyces 
vexy?!?*-** into the nutrient. 

Each test was commenced by dividing the nutrient 
solution into two 800 milliliter- portions and placing 
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20 
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one prnt-j on of the nutrient solution into each resin 
kettle ferraenter. . Thereafter the slurry " of yeast and 
.nutrient was divided into two 100' milliliter portions. 
One portion of the yeast-nutrient -slurry- was added to 
each of th<? resin kettles. 

The resin ketUlea were maintained at 'a temperature 
of JO degrees Centigrade "by iamerciba in e. water hath.. 
The pH was maintained "between pH 4.7 and pH 5.2 "by 
addition of aqueous UaQH. In each run a - JOO' kiloherta, 
1.5 milliampere | 50 oilli'vull signal was- applied across 
the electrode pair in one .kettle. iTo: signal was applied 
to the electrode pair in the other, kettle.- ' 

•i'he fol lowing results were obtained; 
S et 1 • 

KO CUBBEK1' . : QUERENT 



EIAPSED 
TIKE 



(hours) 

1-25 
5 



Ethyl 
Alcohol 
(grms/ 
liter) 

1.17 
1.87 



Mucose 
liter) 
98 

96 • 



Ethyl-. 
Alcohol 
Cgrms/ 
liter) 

,.72 .; 
* 1.36' : 



Glucose 

Cgrms/ 

liter) 

100 

98. 





6 


5.28 


78 * 


5.72 


79 




25 


51-8 


' • <6.25 


.40.4. . 


<0.25 


25 


Final Toast 

(guns/liter) 2-54\ 


2.63 






Set 2 




1 








ELAPSED 
TIKE 


HO 


CUBKENT 


-'CUEEEKP 


50 


• (hours) 


Ethyl .' 
Alcohnl 


Glucose ' 
Cgrms/ 
.liter)' 


• Ethyl 
Alcohol 

Cgrms/. 
liter) 


Glucose 

Cgnus/ 

liter) 




1 


0.69. 


• 98 ' 


.0.09 • 


103 


55 


2 


6:55 • 


•85 . 


0.71 


98 




4.5 • 


2.7 


78 


.2.2 


76 ' 




C.5 


5.6 • 


72 


6.9 ' 


64 




28 • 


40.2 • 


C0.25 • 


•• 57.0 


<0.25 



40 



P i n a l Yoast 
Cgnas/liter) 



0.466 



0.504 
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ELAP3ED 
TIME 



19. 



N0 CURRENT 



004137» 



(hours) 
1 

6 
22.5 

Final Ycas-fr 
(grms/.liter) 

Set &- . 

ELAPSED 
TIME 



Ethyl 
ATcohol 

litoiQ _ 

5-0 

0.5 
' 22.9 

57.9 

MM..?. 



Glucose 
(gnus/ 
liter \ 

87 
87 
40 
19 
<0.25 



9.0 



1 

2 • 

3 

4 

5 

G 

7 

8 ! 

• 9 

Einal Teast 
(gsma/liter) 



Ethyl 
, Alcohol 

libera 

0.7 
2-9 
5.1 
5.2 
11.6 

IS. 7 
24.8 

51.9 
4-1.7 

40.0 



Glucose 

ljier} 
10? 

98 

84 

78 

GO 
00.2 

.3 



dO-25 



Ethyl 
Alcohol 

lit ar j ) 

3.5 
11.0 
28.0 
37-0 
48.7 



'Glucose 
(Kims/ 
,liter )_ 

88 

70 
45 
19 
<o.?5 



9.8 



CTERBEtEP 



Ethyl 
Alcohol 
' (sinus/ 
lite?) 

0.6 

2.5 
3.4 

5-4 
10.5 
19.9 
27.1 
32.0 

51.0 

56.6 



Glucose 

(giros/ 

liter) 

110 

95 
92 

62 
62 
10.3 
-3 



<0.25 



8.9 



9.6 
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Get 5. 












TIME 


TOT) 




CUKBEUT 

« 


5 




Ethyl 
Alcohol 

( 

liter) 


Glucoae 

(gnus/ 

liter) 


Ethyl 
Alcohol 

liter) 


Glucose 

(EID3/ 

liter) 




X 


1 o 


lOQ 


. 1-1 


107 




p 


2.-0 




2.8 


97 




p 




81 


5-1 


83 




4 


9.5 


00 


0,0 


60 






17-0 


70 


17-3 






6 


19.1 


P4 


17-7 


56 




? 


21.7 


35 * 


V4.0 


39 




8 


32.4 


21 


37-1 


2? . 




25.5 


41.4' 


• 4 


46.9 


<0.25 



. Fj.nal reast 

(grms/liter) 9-9 10.5 



• " While the invention* has been described with respect 
20 -bo certain exemplify cations and embodiments % that "is 
with respect to cert a in microbes 9 i.e., bacteria 9 
actinomycetea, Tungi, and yeasts, certain substrates, 
i.e., hydrocarbons, and carbohydrates, and certain 
. products, it is not to "be so limited, except as in tlie 
25 clainc appended hereto. 
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1« A method of fomenting a substrate with a 
microorganism by forming a broth comprising the substrate 
and the microorganism, and forming .a f ermenta Lion product 
5 therefrom characterised, in. that .a fermentation stimulat- 
ing electrical signal ..io imposed across the broth*/ 
" .2o A iuethod according to claim 1 r^aracteri&ea 

in that the mi or o organism io yeast r actinomycett;3 9 
bacteria, oz\ unicellular blue-green, alga©. 
1° 3. A method according to claim 2 characterised 

in thai the. yeast is 4 SacctLaromyolde^e nr a S B gph fl y^ 
omvces ceirisiae . 

• .' 4« A method according to claim l, 2 or 3 
* : characterised in that the substrate ia a carbohydrate, 
15 hydrocarbon 01* amino e.cid* 

5o A method according to olaim 4 characterised 
in that the carbohydrate is glucose, fructose or 
mannose* 

6. A method according to claim 4 characterised 
20 ±r\ tbp-t the carbohydrate ie a polysaccharide, 

7c A uiethud according 'to any of claims 1 to 

6 charaRterisftd in that the electrical signal is 
an alternating current signal or a pulsed direct 

- * current signal. 
"25 8« A method according to any of ftlg^ 1 to 7 

. m eharacterised in that the electrical signal lias a 
frequenoy of 0*1 kilohert^ to 10 megahertz. 

9. .A method according to any or ciai.ms 1 to 

7 wherein the electrical signal has a frequency of 
30 1 hiloherfcz- to 1000 IdlohertZo 

10, A method according to any of olaimc 1 to 
9 characterised in that the current per unit of inter- 
electrode volume is" from 1 x 10~' to 30 x 10^ ailli- 
ampere* p^r cubic centimeter , 
3!> 11.* A mftthod according to any- of claims 1 to 10 

characterised- in that the -current per unit of broth is 
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from 1 x 10"* to 50 x 10"* mllliamperes per cubic 
contimetcr, 

12. A method according to any or claims 1 "to 11 

character is ed in that the current density ie from 2 x 

•-2 ^2 

5 10 to 50 x 10 mlUltuaperes per square centimeters* 

13* A method accord inr; to any of claims 1. to 12 
charactcrioed in that the voltage flvuc is Od to 5 
millivolts per nerrbi met<?r • 

14o A method ecoording to any of claims 1 -to 15 
10 characterised in that the interelectrode power diesipat- 
ion io from 0*2 x 10 1 to 6 re 10 1 watts per cable 
centimeter of interelectrode volume. . 

• 15* A method according to any of claims 1 to 14 
characterised in that the broth power dissipation is 
15" from 0 o 2 x 10"® to 8 x 10" B watte per -cubic centimeter 
of brotho 
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